Background: The process of assessing the decision-making capacity of potential subjects before their inclusion in clinical trials is a legal requirement and a moral obligation, as it is essential for respecting their autonomy. This issue is especially important in psychiatry patients (such as those diagnosed with schizophrenia). The primary purpose of this article was to evaluate the degree of impairment in each dimension of decision-making capacity in schizophrenia patients compared to non-mentally-ill controls, as quantified by the (MacCAT-CR) instrument. Secondary objectives were (1) to see whether enhanced consent forms are associated with a significant increase in decision-making capacity in schizophrenia patients, and (2) if decision-making capacity in schizophrenia subjects is dependent on the age, gender, or the inpatient status of the subjects. Methods: We systematically reviewed the results obtained from three databases: ISI Web of Science, Pubmed, Scopus. Each database was scrutinised using the following keywords: "MacCAT-CR + schizophrenia", "decision-making capacity + schizophrenia", and "informed consent + schizophrenia." Results: We included 13 studies in the analysis. The effect size between the schizophrenia and the control group was significant, with a difference in means of −4.43 (−5.76; −3.1, p < 0.001) for understanding, −1.17 (−1.49, −0.84, p < 0.001) for appreciation, −1.29 (−1.79, −0.79, p < 0.001) for reasoning, and −0.05 (−0.9, −0.01, p = 0.022) for expressing a choice. Conclusions: Even if schizophrenia patients have a significantly decreased decision-making capacity compared to non-mentally-ill controls, they should be considered as competent unless very severe changes are identifiable during clinical examination. Enhanced informed consent forms decrease the differences between schizophrenia patients and non-mentally-ill controls (except for the reasoning dimension) and should be used whenever the investigators want to include more ill patients in their clinical trials. Increased age, men gender and an increased percentage of inpatients might increase the differential of decision-making incompetence compared to nonmentally-ill subjects in various dimensions of the decision-making competence as analysed by the MacCAT-CR scale, but the small number of subjects did not allow us (except for one instance) to reach statistical significance.
Background
Schizophrenia patients, as a group, are considered less able to give a proper consent for either specific medical procedures, or for their inclusion in clinical trials, because they tend to have a decreased capacity to understand, retain and process relevant information [1] . However, various studies suggested that many patients with this illness, even in the acute phase, have an intellectual capacity averaging the one found in the general population. Moreover, once the treatment begins, many deficits are significantly diminished; therefore, some authors consider that the decision making capacity analysis should be mandatory and done multiple times during the course of the treatment [2] . In average, Jeste found that between 10 and 52% of schizophrenia patients do not have insight [3] . The absence of decisionmaking capacity (DMC) is more important in hospitalized patients [3] , if they are in a psychotic state, or if they have a decreased educational level [4] .
The process of assessing the DMC of potential subjects before their inclusion in clinical research is a legal requirement and a moral obligation, being essential for respecting their autonomy. The degree of impairment that can render a subject incompetent to participate in a clinical trial should, ideally, reflect a societal judgement about reaching a proper equilibrium between its autonomy and protection as a vulnerable subject [5] .
DMC is a four-dimensional concept, which includes (1) the understanding of the disclosed information, (2) its appreciation of a particular setting, (3) the reasoning associated with that information and (4) the aptitude to express a choice [6] . DMC is highly dependent upon the capacity of an individual to choose a specific course of action voluntarily [1, 6, 7] (including the participation to a clinical trial). The choice whether to enter a clinical trial should be fully autonomous. Full autonomy is presumed in adults, unless there are circumstances that can cause a partial or total loss of their capacity to act autonomously (the presence of dementia, schizophrenia or other psychiatric disorders, prisoners, persons with a low socioeconomic status, and so on) [8] [9] [10] .
Schizophrenia patients have quantitative and qualitative mental deficits, classified in three main categories: cognitive, negative (associated with the disruption of normal behaviours and emotions) and positive (psychotic) symptoms. Their presence can potentially lead to an incorrect assessment of a request to participate in a clinical trial [11] . Howe et al., for example, found that DMC is inversely correlated with specific positive symptom factor scores, especially those associated with cognition (poor attention, difficulty in abstract thinking and conceptual disorientation) [12] . Moser et al. found that patients with positive symptoms do not have significant impairments on any MacArthur Competence Assessment Tool for Clinical Research (MacCAT-CR) subscale, while patients with negative and disorganised symptoms have a decreased DMC [13] . Overall, a larger proportion of people with schizophrenia has a significant degree of decision-making impairment compared to non-mentally-ill subjects [3] . Some studies suggest that various factors such as age, gender or impatient status could alter DMC [9, 14, 15] .
The MacCAT-CR instrument is often used to assess the DMC for taking part in clinical research of schizophrenia subjects. It is a 20-to 30-min semi-structured interview, which analyses the four main dimensions of decisionmaking capacity, each of them receiving a particular score -0-26 points for understanding, 0-6 points for appreciation, 0-8 points for reasoning and 0-2 points for expressing a choice [16] .
Most studies that compared DMC of schizophrenia subjects versus non-mentally-ill controls, by using the MacCAT-CR instrument, found significant decreases in one or more of its main dimensions [13, 15, [17] [18] [19] [20] [21] [22] . The mean score for each dimension and the score difference between the subgroups was variable. A meta-analysis performed by Wang et al. analysed the decisional capacity measured by MacCAT tools in schizophrenia patients; however, it failed to include many studies, and it did not test specifically decisional capacity for participating in clinical trials [23] . Enhanced informed consent forms are often use to increase the capacity of the patients to understand relevant information about their medical condition and the proposed medical interventions [24] [25] [26] , including schizophrenia patients [25] .
The primary aim of this article was to test the impairment in each dimension of DMC in schizophrenia patients compared to non-psychiatric controls, as appraised by the MacCAT-CR instrument. Secondary objectives were (1) to see whether enhanced informed consent (EIC) is associated with a significant increase in DMC in schizophrenia patients, and (2) if the DMC in schizophrenia subjects depends on the age, gender, their inpatient status, or country of origin.
Methods
We performed the study according to the PRISMA and MOOSE guidelines for reporting systematic reviews and meta-analyses of observational studies in epidemiology.
Selection criteria
Inclusion criteria: (1) observational studies that analysed the DMC of schizophrenia subjects compared to a control group comprising of non-mentally-ill subjects, with the aid of the MacCAT-CR instrument. The main exclusion criteria were: (1) not fulfilling the inclusion criteria, (2) not presenting enough information to reconstruct the data needed for the analysis, (3) case-series studies and studies without a control group.
Search method.
We analysed the results found in three databases: ISI Web of Science, Pubmed, Scopus. For each, we used the following keywords: "MacCAT-CR + schizophrenia", "decision-making capacity + schizophrenia", and "informed consent + schizophrenia",
Data collection and analysis
Two authors researched the databases independently, with an agreement rate for the added articles of 83.3%. Data was then extracted separately by the two reviewers and listed in an Excel file. When we found discrepancies between the obtained results, the issues were re-analyzed by both examiners. We summarized the following data: study, year, total number of cases, mean age and standard deviation, gender ratio for each group, ratio of in-versus outpatients in the cases group, and mean and standard deviation of the values in the four main dimensions of MacCAT-CR -understanding, appreciation, reasoning and expressing a choice. If a particular article contained data regarding a potential intervention aimed at improving the DMC, we added the data for both unenhanced and enhanced informed consent techniques/forms.
The risk of bias was assessed separately for each case. The quality assessment was performed by two researchers using the Newcastle-Ottawa Scale for case-control studies (NOS) [27] . NOS was developed to address the quality of non-randomized studies for systematic reviews/meta-analyses. Briefly, it comprises of eight items, categorised into three main groups: (1) selection of the survey groups, (2) comparability of the two groups and (3) evaluation of the exposure or outcome of interest. The final quality score was computed as an average of the scores given by the two reviewers. The agreement rate between reviewers was 90%.
Statistical analysis
We determined the effect size as the difference in means in all cases using a random effects model computed in Comprehensive Meta-analysis software. To assess the odds for significant alterations of the dimensions of the DMC, we calculated the Odds Ratio (OR). This was done by transforming the difference in means in Cohen's d (by dividing it by the standard deviation), converting Cohen's d into ln(OR) through the following formula ln(OR) = dπ/sqrt(3), and then ln(OR) to OR through the following eq. OR = e ln(OR) . For each group and subgroup, we performed a forest plot. We used Egger's intercept technique for the analysis of publication bias, and I 2 for measuring the heterogeneity. For comparison of the effect size between two groups, we used the Z-test. We used 95% confidence intervals and considered a p-value of 0.05 or lower to be statistically significant. We rounded the obtained values to the second decimal, except for (1) p-values below 0.05, case in which we included data until the 4th decimal, (2) when by rounding, the value was below 0.01 and (3) when by rounding the OR, we obtained the value 1.
Results

Search synthesis
We obtained 2496 results from which, after deleting duplicate and irrelevant studies and analysing the type of paper and abstracts (if available), 56 articles were selected. They were downloaded and examined further. Evaluating the references of these 53 articles, we identified seven more that were considered potentially relevant, which were also downloaded. From the total number of 60 studies, we selected 13, which ultimately fulfilled the inclusion criteria, and were added to the meta-analysis (with the except of the "expressing a choice" subscale, where there were only 10 studies with relevant information). We excluded 47 articles for not meeting the inclusion criteria. Details regarding the selection algorithm are shown in Fig. 1 . The studies included in the analysis are described in detail in Table 1 .
Quality assessment
The studies had quality scores ranging from 4.5 to 6.5 using the NOS Case Control scale. The values for each study are presented in Table 1 .
Descriptive data
Within the 13 included studies were 684 schizophrenia subjects (582 in standard consent studies and 102 in enhanced consent studies), and 458 subjects in the control groups (389 in standard consent studies and 69 in enhanced consent studies). The arithmetic mean values for the four dimensions of the MacCAT-CR test are presented in Table 2 . Eleven studies were performed in the US and two outside US (one in China, and one in Colombia).
Understanding
The effect size between the schizophrenia subjects and the control group was significant, with a difference in means of −4.43 (−5.76; −3.1), p < 0.001. The odds for a decreased understanding in schizophrenia patients was about five times higher compared to control groups (OR = 0.18, CI = 0.12-0.29, p < 0.001). See Fig. 2 for details. Publication bias was not statistically significant (Egger's regression intercept = −2.6, p = 0.17). The heterogeneity of the understanding dimension was low (I 2 = 9.84%). By running a meta-regression using mean age, percent of men and percent of inpatient status as covariates, we could not find any statistically significant effects (see Table 3 ). The difference between mean values for understanding in cases versus control groups was larger for studies conducted outside the US (−4.67, with limits between −12.16 and 2.836) compared to studies performed in the US (−3.941, with limits between −5.02 and −2.86). The difference was statistically significant (Z = −7.26, p < 0.001).
Three studies contained information about enhanced informed consent. In them, we found a decreased difference in means compared to controls (−2.73, with limits between −4.97 and −0.49). The odds for a decreased understanding in schizophrenia subjects using EIC was almost four times higher compared to the control groups (OR = 0.28, CI = 0.14-0.59, p = 0.001).
The use of EIC leads to a significant increase in understanding in schizophrenia subjects compared to standard informed consent forms (Z = −13.34, p < 0.001).
Appreciation
The effect size was significant, with a difference in means of −1.17 (−1.49, −0.84, p < 0.001). The odds for a decreased appreciation in schizophrenia patients was about five times higher compared to the control groups (OR = 0.20, CI = 0.14-0.28, p < 0.001). See Fig. 3 for details. Publication bias was not statistically significant (Egger's regression intercept =1.51, p = 0.16). The heterogeneity of the appreciation dimension was very low (I 2 = 5.79%). By running a meta-regression using mean age, percent of men and percent of inpatient status as covariates, we could not find any statistically significant effects (see Table  3 ). The difference between mean values for appreciation in the cases versus control groups was larger for studies conducted outside the US (−1.15, with limits between −2.23 and −0.08) compared to studies performed in the US (−1.01, with limits between −1.31 and −0.72). The difference was statistically significant (Z = −7.021, p < 0.001).
Three studies contained information about EIC. In them, we found a decreased difference in means compared to controls (−0.46, with limits between −0.76 and −0.15).
The use of EIC leads to a significant increase in appreciation in schizophrenia subjects compared to standard informed consent forms (Z = −12.525, p < 0.001).
Reasoning
The effect size was highly significant, with a difference in means of −1.29 (−1.79, −0.79, p < 0.001). The odds for a decreased reasoning in schizophrenia patients was almost four times higher compared to the control groups (OR = 0.27, CI = 0.17-0.42, p < 0.001). See Fig. 4 for details. Publication bias was not statistically significant (Egger's regression intercept = 1.73, p = 0.11). The heterogeneity of the reasoning dimension was small (I 2 = 10.8%). An increase in the percentage of men in the schizophrenia group caused a statistically significant decrease in the difference in means between the cases and control groups (see Table 3 and Fig. 5) . The difference between mean values for reasoning in the cases and control groups was larger for studies conducted outside the US (−2, with limits between −4.14 and 0.14) compared to studies performed in the US (−1.09, with limits between −1.53 and −0.64). The difference was statistically significant (Z = −7.021, p < 0.001).
Three studies contained information about EIC. In them, we found a non-statistically significant decrease in the difference in means compared to controls (−0.830, with limits between −2.28 and 0.57). The odds for a decreased reasoning in schizophrenia subjects using EIC was four times higher compared to the control groups (OR = 0.26, CI = 0.03-2.60, p = 0.250), but the result was not statistically significant.
The use of EIC leads to a significant increase in understanding in schizophrenia subjects compared to standard informed consent forms (Z = −5.05, p < 0.001).
Expressing a choice
The effect size was significant, with a difference in means of −0.05 (−0.9, −0.01, p = 0.022). See Fig. 6 for details. The odds for a decreased aptitude to express a choice in schizophrenia patients was about 66% higher compared to the control groups (OR = 0.62, CI = 0.48-0.80, p < 0.001). Publication bias was not statistically significant (Egger's regression intercept = 0.14, p = 0.89). The heterogeneity of the aptitude to express a choice was very low (I 2 = 0). By running a meta-regression using mean age, percent of men and percent of inpatient status we could not find any statistically significant differences (see Table 3 ). Three studies contained information about EIC. In them, we found a non-statistically significant increase in the difference in means compared to controls (0.01, with limits between −0.03 and 0.5). The odds for a decreased capacity to express a choice in schizophrenia subjects using the EIC was similar to the one found in the control groups (OR = 1.09, CI = 0.62-1.91, p = 0.76).
The use of EIC forms leads to a significant increase in the aptitude to express a choice compared to standard informed consent forms (Z = −3.163, p = 0.002).
Discussions
Our study showed that, when using non-enhanced informed consent procedures, schizophrenia subjects tend to have significantly decreased values for all dimensions of DMC, the highest effect sizes being encountered for the understanding and reasoning sub-scales.
Psychiatry patients are considered a vulnerable population in clinical research, and their inclusion in a trial can be done only in particular circumstances. For example, the CIOMS guidelines state that research involving individuals who, by reason of mental or behavioral disorders are not capable of giving adequately informed consent, can only be done if there are no other subjects that could be equally involved in that particular trial, and who are able to give an adequately informed consent [28] . Therefore, to include subjects in clinical trials, the investigators must make a binary decision about the presence/absence of DMC. Some studies recommend various threshold values for some or all DMC parameters [22, 29] . For example, in the Clinical Antipsychotic Trials of Intervention Effectiveness -Schizophrenia (CATIE) study [30] , the investigators established a threshold value of 15 for the understanding scale, a value that was proven to be a little too conservative [22] . Our study showed that there is a circa 4-point difference between schizophrenia and control subjects in the understanding scale. If we were to take into account the mean value for understanding (20.16, see Table 2 ) and add to this the average difference obtained in the meta-analysis (−4.43), we would see that the mean theorised value for the schizophrenia subjects [20.16-(4. 43/2) = 17.95] is well above this threshold. Similarly, the lower limit with a 95%CI (−5.76, corresponding to a lower limit for the schizophrenia group of 18.06) is well above the 15 points threshold. By also considering the results of Kim et al. [22] , our analysis emphasizes the idea that schizophrenia patients should be considered, per prima facie, as being able to make informed decisions regarding their participation to clinical trials. By assuming decision-making incapacity in these patients, we might discriminate them based on their disease; therefore, by trying to obey the bioethical principle of autonomy, we might breach the principle of justice.
Jeste et al. suggested the presence of a high intergroup heterogeneity in DMC for patients with schizophrenia, with a standard deviation often increased twofold compared to the control groups, and hinted as one of its leading sources the variable inclusion of in-and outpatients in the cases groups [3] . Our analysis failed to confirm his hypothesis, as all four dimensions of decisionmaking capacity were insignificantly affected by the percentage of inpatients included in the initial studies. Also, our analysis showed a little heterogeneity between studies, suggesting an excellent reliability of the results. The scores on every subscale decreased once the percentage of men in the schizophrenia group increased, but the result did failed to reach statistical significance (except for the reasoning subscale). This failure could be generated either by a low number of studies included in the analysis, or an actual absence of an association between gender and decision capacity. Some studies published in the scientific literature showed that women have a better social adaptability to the disease. Hintikka et al. found that women with schizophrenia have significantly better independent skills and domestic activities compared to men with the same illness. For example, 11% of men lacked skills regarding personal hygiene compared to only 4% of the women; 32% of men lacked skills regarding financial affairs compared to 20% in women; 25% of men lacked decision-making capacity compared to only 19% in women [14] . Hambrecht et al. showed that maladaptive social behaviours (including negative symptoms or inappropriate illness behaviours) were more often found in men with schizophrenia [31] . Palmer and Jeste revealed that understanding is correlated with the severity of negative symptoms [32] . However, more studies are needed before we can definitely associate (or fail to associate) gender with decreased decision capacity in schizophrenia patients.
Various studies have suggested that age could alter decision-making capacity in schizophrenia patients (see e.g. [32] ). Our study showed that there might be an agerelated deterioration in various MacCAT-CR subscales, but we could not prove it with statistical significance. This failure could be generated either by a low number of studies included in the analysis, or an actual absence of an association between age and decision capacity.
Using EICs, various authors proved a significant increase in DMC [13, 20, 21] . Our study shows that, compared to the control group, EICs decreased the deficits in the understanding, reasoning and appreciation subscales. When Based on these results, we recommend using EICs especially in clinical trials that require subjects with severe cognitive deficits.
Kim et al. found that understanding sub-scale from MacCAT-CR was more important as a predictor of a categorical capacity status compared to appreciation or reasoning [22] . Most instruments used for assessing the decision-making capacity only test the understanding (for details see Palmer et al. [33] ). Our study shows that reasoning, together with understanding are the most affected dimensions of decision-making capacity in schizophrenia subjects, and therefore, tasks directed specifically toward increasing them might be the best approach in optimising the decision-making capacity for potential subjects with schizophrenia and decision-making incapacity. Additionally, if researchers would like to simplify DMC analysis, reasoning should be tested alongside understanding to improve the accuracy of the outcome.
The results of this article could be used by clinical researchers to better fine-tune the selection criteria for inclusion in clinical trials, and by the Institutional Ethics Committees to verify the compliance of the study protocol with the general and specific ethical principles of clinical research.
Limits
The number of studies included in the analysis is small (13); however, if we were to include studies in which decision-making capacity was evaluated using other scales, the results would have been more heterogeneous, mainly due to the usage of distinct methodologies for assessing DMC. Moreover, only three studies included data about enhanced ways of informing potential subjects. Even if the number was small, the results reached statistical significance in most scales, suggesting that they profoundly improved DMC. Only two studies were performed outside US, potentially making the results geographically biased. Therefore, they should be interpreted with caution in significantly different population groups. Also, the comparisons US-outside US should be regarded as potentially having poor error estimation. 
